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Modern cardiac implantable devices (CIDs) such as pacemakers (PMs), implantable
cardioverter deﬁbrillators (ICDs), and deﬁbrillators for cardiac resynchronization therapy
(CRT-Ds) are engineered to be resistant to electromagnetic interference (EMI). However,
such interference is still a concern when patients are exposed to household and occupational
appliances in daily life. The aim of this study was to evaluate the risk of EMI caused by
several types of household and industrial appliances. EMI with 20 CIDs (12 PMs, 7 ICDs, 1
CRT-D) was tested for 16 household and 19 industrial appliances using three methods of
measurement: Irnich’s human body model, an alternating electric ﬁeld device, and an
alternate-current and static-current magnetic ﬁeld device. The thresholds for the risk of EMI
were deﬁned as an alternating electric ﬁeld of 5000V/m, an alternate-current magnetic ﬁeld
of 20 mT, and a static-current magnetic ﬁeld of 10G. In 35 tests, 15 of the 16 household
appliances showed no EMI with any CIDs, but an induction oven showed a potential risk of
EMI with 2 PMs. None of the 19 industrial appliances showed EMI with any CIDs, provided
that an appropriate distance from the appliances was maintained. These ﬁndings should allow
physicians to evaluate whether patients with a CID can safely return to their homes and
workplaces.
(J Arrhythmia 2011; 27: 49–56)
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Introduction
Cardiac implantable devices (CIDs) including the
pacemaker (PM), implantable cardiovertor deﬁbril-
lator (ICD) and deﬁbrillator for cardiac resynchro-
nization therapy (CRT-D) are currently used for an
increasing number of conditions. Since the 1970s,
the medical community has recognized that CIDs
may interact with external electromagnetic noise
from electric appliances. Modern CIDs are engi-
neered to be more resistant to such electromagnetic
interference (EMI), but this remains as a concern
for patients. Furthermore, physicians need to counsel
patients with CIDs regarding the eﬀects of EMI, and
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accurate and updated information on EMI is increas-
ingly important given the increased use of household
and industrial electric appliances. Therefore, the
purpose of this article is to provide an assessment of
EMI of electrical household and occupational appli-
ances with CIDs.
Methods
Study Population and Implanted Devices
Between 2004 and 2008, a total of 1141 patients
underwent CID implantation in our institute. Of
these patients, 20 (12 men, 8 women; age 64 16
years old) consulted with us about EMI with their
devices in their homes and workplaces (Tables 1, 2).
The CIDs included 12 PM systems, all of which
were of the DDD type, with 4 from Medtronic, 3
from Boston Scientiﬁc, and 5 from St. Jude Medical.
Seven patients had ICD systems, which were all
DDD, with 5 from Medtronic, 1 from Boston
scientiﬁc, and 1 from St. Jude Medical. One patient
had a CRT-D system from Medtronic. All devices
were implanted in the left precordium, except for
one PM in the right precordium, and all had bipolar
pacing and sensing settings.
Measurement procedure
The electromagnetic environment and the risk of
EMI with 35 household and occupational electric
appliances were examined in the homes and work-
places of the 20 patients (Tables 3, 4). A simulation
with the human body model and two indirect
measurement method which used an electromagnetic
ﬁeld meter and a magnetic density meter for electro-
magnetic ﬁeld was performed to assess the possibility
of EMI by the electronic appliances. First, data were
Table 1 Clinical characteristics and system features of pacemaker patient
Case
number
Age
(y.o.) Gender Occupation Manufacturer Model A lead V lead
sensitivity
setting
(mV)
1 82 F housewife Guidant VIRTUS PLUS II DR 1480 438-35S 348-35S —
2 62 F housewife Guidant INSIGNIA I PLUS DR 1298 432-04 430-10 —
3 73 M unknown St.jude IDENTITY DR 5386 1688T 1688T A0.1 V0.5
4 82 F housewife St.jude IDENTITY DR 5386 1688T 1688T unknown
5 71 F housewife St.jude IDENTITY DR 5380 1688T 1688T A0.1 V0.5
6 28 F housewife St.jude IDENTITY DR 5386 438-35S 438-35S A0.5 V2.0
7 85 F housewife Medtronic KAPPA 700 KVDD 701 5076 5076 A0.18 V1.0
8 59 F housewife Medtronic KAPPA 700 KDR 701 4592 4592 A0.18
9 72 M ﬁsherman Guidant INSIGNIA I PLUS DR 1298 4470 4470 —
10 80 M unknown St.jude IDENTITY DR 5380 4524 4024 A0.1 V0.5
11 57 M farmer Medtronic Enpulse2 DR E2DR 01 5076 5076 —
12 70 M silkworm breeder Medtronic SENSIA DR SEDR 01 5076 5076 —
Table 2 Clinical characteristics and system features of ICD/CRT-D patient
Case
number
Age
(y.o.) Gender Occupation Manufacturer Model A lead V lead
sensitivity
setting
(mV)
1 52 M unknown Medtronic Concerto C154DWKJ 5076 7020/4542 V 0.15
2 41 M unknown St.jude ATLAS DR V-243 1688T 7020 A0.2 V0.2
3 35 F housewife Medtronic VIRTUOSO DRD164AWG 5076 7020 V0.15
4 60 M electrical power
company worker Medtronic MAXIMO DR 7278 5076 6949 V0.3
5 53 M tire factory worker Guidant PRIZM 2 DR 1861 4470 155 —
6 40 M bakery Medtronic MARQUIS VR 7274 none 6949 —
7 57 M police ofﬁcer Medtronic GEM II VR 7229CX none 6945 V0.3
8 74 M unknown Medtronic GEM II DR 7273 6940 6942 —
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Table 3 Objective appliances measured with pacemakers
Case
number
objective
appliances Models
EMI
distance
HBM1
(cm)
Alternating
electric
ﬁeld2
(V/m)
distance
(cm)
Alternate-current
magnetic
ﬁeld
(mT)
distance
(cm)
Measurement
frequency
(Hz)
Direct-
current
ﬁeld3
(G)
distance
(cm)
household appliances
1 induction oven MITSUBISHI CS-G3205BDAW — — — 3 10 25-1K — —
2 induction oven National K2-KM22A — — — 0.65 10 25-1K — —
3 induction oven unknown 10 — — — — — — —
4 induction oven unknown 80 — — — — — — —
5 induction oven unknown 10 — — — — — — —
6 induction oven unknown 40 — — — — — — —
7 induction oven HITACHI 10 800 10 260 10 20-2K DC-20K 2.9 10
8 induction oven National KZ321D 10 600 10 40 10 20-2K DC-20K 1.4 10
8 water cleaner ASAHI Ion-20DX 0 300 0 4 0 20-2K DC-20K 1.6 0
6 electric pot unknown 15 — — — — — — —
8 dishwasher National NP-45P IPI-K — 400 0 1.5 0 20-2K DC-20Kunknown 0
6 kitchen microwave unknown 15 — — — — — — —
industrial appliances
12 sericulture equipment PEARL-22 — 4 0 1.5 0 20-2K DC-12K 0.4 0
9 dynamo YAMAHA ET500 — — — 27.7 10 25-1K — —
9 outboard engine SUZUKI40 — — — 4.1 10 25-1K — —
9 outboard engine YAMAHA40 — — — 2 10 25-1K — —
3 chain saw unknown 0 — — — — — — —
11 grass cutter MITSUBISHI TL261 — 300 0 100 10 20-2K DC-20K 4.2 0
10 grass cutter unknown 10 — — — — — — —
12 distribution switchboard 300A/250V — 1500 0 100 0 20-2K DC-12K 0.4 0
11 borer bomb SUPER FORCE — 200 0 100 0 20-2K DC-20K 0.5 0
1 HBM: Human body model, 2 Measurement frequency was 20-2K Hz, 3 Measurement frequency was DC-20K Hz
Table 4 Objective appliances measured with ICD/CRT-D
Case
number
objective
appliances Models
EMI
distance
HBM1
(cm)
Alternating
electric
ﬁeld2
(V/m)
distance
(cm)
Alternate-
current
magnetic ﬁeld
(mT)
distance
(cm)
Measurement
frequency
(Hz)
Direct-
current
ﬁeld3
(G)
distance
(cm)
household appliances
1 induction oven MITSUBISHI CS-G3205BDA 10 — — — — — — —
2 induction oven unknown unknown — — — — — — —
3 induction oven National KZ-HS32A 10 — — — — — — —
4 induction oven National KZ-321G 20 600 0 400 10 20-2K DC-12K 17 0
industrial appliances
6 industrial oven PATENT — 2000 0 1.5 0 20-2K DC-12K 0.9 0
6 Agitator ANT SUPER — 600 0 20 0 20-2K DC-12K 0.7 0
6 showcase HKK-800 — 1500 0 3 0 20-2K DC-12K 0.9 0
6 industrial refrigerator FUKUSIMA — 150 0 2 0 20-2K DC-12K 0.9 0
5 plant machinery unknown — — — 8.8 10 25-1K — —
5 high-voltage cable unknown — — — 0.02 unknown 25-1K — —
2 wireless applications unknown unknown — — — — — — —
8 automatic feed planer P100RA3 — 1500 0 20 0 20-2K DC-12K 1.2 0
7 police radio police radio antenna 30 — — — — — — —
7 police radio handy radio 0 — — — — — — —
1 HBM: Human body model, 2 Measurement frequency was 20-2K Hz, 3 Measurement frequency was DC-20K Hz
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obtained according to Irnich’s human body model3)
in which a model identical to that implanted in the
patient, was placed near the appliances and the
distance up to which EMI occurred was measured
(Figure 1A). Six patients with a PM, 4 with an ICD,
and the patient with a CRT-D were assessed using
this method. PMs were programmed using atrial
sensitivity settings of 0.1–0.5mV and ventricular
settings of 0.3–2.0mV. ICDs were programmed
with atrial and ventricular sensitivity settings of
0.15–0.3mV. The CRT-D was programmed with a
ventricular setting of 0.15mV. In the second ap-
proach, the distribution proﬁle of the electromagnetic
ﬁeld intensity was measured using an electromag-
netic ﬁeld meter (Combinova FD-1, Stockholm,
Sweden), which can measure alternating electric
30 cm 20 cm 10 cm
human body model 
objective
appliance
A
lead
generator
EFM
B
objective
appliance
MDM
10 cm 20 cm 30 cm
Figure 1 Schema of the three methods for assessment of EMI.
A: The chamber of the human body model was ﬁlled with 0.18% saline, to study the
device models identical to those implanted in the patients. The maximum distance in
which EMI was observed between the surface of the appliance and the center point of a
semi-circular antenna of the human body model was measured.
B: The maximum distance from the surface of the appliance up to which the alternating
electric ﬁeld, alternate-current magnetic ﬁeld (20–2 kHz) and the direct-current ﬁeld
reached 5000V/m, 20 mT and 10G, respectively, were measured by electromagnetic
ﬁeld meter and magnetic density meter.
EFM: electromagnetic ﬁeld meter, MDM: magnetic density meter
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ﬁeld is in the range of 20Hz to 2 kHz, and the
distance up to which the alternating electric ﬁeld
reached 5,000V/m was determined1,2) (Figure 1B).
In the third approach, the distribution proﬁle of
the alternate-current and direct-current magnetic
ﬁeld was measured using a magnetic density meter
(F.W.Bell 5080, Orlando, FL, USA), which can
measure alternate-current magnetic ﬁeld in the range
of 20Hz to 2 kHz and direct-current magnetic ﬁeld in
the range of direct-current to 12 kHz, to determine the
distance up to which the alternate-current magnetic
ﬁeld reached 20 mT3) and the direct-current ﬁeld
reached 10G.4) Overall, 9 household and 2 industrial
appliances of patients with PM and 4 household
and 3 industrial appliances of patients with ICD were
assessed by simulation with human body model, and
3 household and 9 industrial appliances of patients
with PM and 7 industrial appliances of patients with
ICD were assessed indirectly by measurement of
electromagnetic or magnetic ﬁeld.
Results
The data regarding EMI with assessed CIDs in this
study were summarized in Tables 5 and 6.
EMI with a cardiac pacemaker by household
appliances
The electromagnetic ﬁeld assessment was con-
ducted on the various types of 12 electronic
appliances used at homes or worksites of the 12
patients with PMs. These data were collected using
the human body model for 6 PMs, an alternate-
current magnetic ﬁeld device for 2 PMs, an alternate-
and direct-current magnetic ﬁeld device for 3 PMs,
and all three methods for 1 PM. EMI of 8 types
of induction ovens was measured for 8 PMs. The
maximum power output was selected for each oven.
Oversensing was not detected at a distance of
10 cm from the oven top for 4 of the 6 PMs.
However, in 2 PMs (Identity, St. Jude Medical, St.
Paul, MN, USA) transient oversensings were detect-
ed at 40 and 80 cm, respectively and noise response
features were activated. The alternating electric
ﬁeld and alternate-current magnetic ﬁeld were 600–
800V/m and 40–260 mT at 10 cm from the oven top
in 4 PMs. In 1 type of induction oven (HITACHI),
alternate-current magnetic ﬁeld reached 260 mT at
10 cm, but it was reduced to 2 mT at 30 cm. Another
PM, in which the magnetic ﬁeld was 40 mT, showed
no oversensing in the human body model. The
Table 5 The estimated distance at risk of EMI with the pacemaker
Case
number
objective
appliances Models PM Model HBM

Alternating
electric ﬁeld
(5000V/m)
Alternate-current
magnetic ﬁeld
(20mT)
Direct-current
ﬁeld
(10G)
1 induction oven MITSUBISHI CS-G3205BDAW VIRTUS PLUS II DR#1480 (—)
2 induction oven National K2-KM22A INSIGNIA Plus DR 1298 (—)
3 induction oven unknown IDENTITY DR#5386 (—)
4 induction oven unknown IDENTITY DR#5386 <80 cm
5 induction oven unknown IDENTITY DR#5380 (—)
6 induction oven unknown IDENTITY DR#5386 <40 cm
7 induction oven HITACHI KAPPA 700 KVDD#701 (—) (—) <15 cm (—)
8 induction oven National KZ321D Kappa KDR701 (—) (—) <20 cm (—)
8 water cleaner ASAHI Ion-20DX Kappa KDR701 (—) (—) (—) (—)
6 electric pot unknown IDENTITY DR#5386 (—)
8 dishwasher National NP-45P IPI-K Kappa KDR701 (—) (—) unknown
6 kitchen microwave unknown IDENTITY DR#5386 (—)
12 sericulture equipment PEARL-22 SENSIA DR SEDR#01 (—) (—) (—)
9 dynamo YAMAHA ET500 INSIGNIA I PLUS DR#1298 <20 cm
9 outboard engine SUZUKI40 INSIGNIA I PLUS DR#1298 (—)
9 outboard engine YAMAHA40 INSIGNIA I PLUS DR#1298 (—)
3 chain saw unknown IDENTITY DR#5386 (—)
11 grass cutter MITSUBISHI TL261 Enpulse2 DR E2DR#01 (—) <30 cm (—)
10 grass cutter unknown IDENTITY DR#5380 (—)
12 distribution switchboard 300A/250V SENSIA DR SEDR#01 (—) <30 cm (—)
11 borer bomb SUPER FORCE Enpulse2 DR E2DR#01 (—) <10 cm (—)
HBM: Human body model
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direct-current magnetic ﬁelds of these two induction
ovens were 2.9 and 1.4G, respectively, at 10 cm. The
results showed no EMI for 7 of the 8 PMs at a
distance between the PM and the induction oven of
40 cm.
EMI of 4 home appliances (electric kettle, alkaline
water ionizer, dish washer and microwave oven) was
assessed using the human body model for 1 PM and
the electric and magnetic ﬁeld meters for another
PM. Oversensing was not detected for this PM at a
distance of 15 cm. For the other PM, the alternating
electric ﬁeld and alternate- and direct-current mag-
netic ﬁelds were 300V/m, 4 mT and 1.6G at 0 cm
from the water ionizer, and 400V/m and 1.5 mT
at 0 cm from the dish washer, respectively. There-
fore, neither PM showed a problem with use of these
appliances under normal conditions.
EMI with a cardiac pacemaker by industrial appli-
ances
EMI of 9 appliances, including lawn mowers,
private power generators and switchboards, was
measured for 5 PMs. EMI with 2 PMs by 2 appliances
was assessed using the human body model, EMI with
another 2 PMs by 4 appliances was measured using
the electric and magnetic ﬁeld meters, and EMI with
1 PM was measured with all three methods. In
assessments using the human body model, oversens-
ing was not detected at a distance of 10 cm from all
these appliances. In measurements using the electric
and magnetic ﬁeld devices in 1 PM, the alternating
electric ﬁeld and the alternate- and direct-current
magnetic ﬁelds were 300V/m, 100 mT and 4.2G at a
distance of 10 cm from a grass cutter (MITSUBISHI
TL261). At 30 cm, the alternate-current magnetic
ﬁeld decreased to 60 mT. EMI of 2 outboard motors
for boats at a distance of 10 cm had values of 2 and
4.1 mT. The alternating electric ﬁeld and the alter-
nate- and direct-current magnetic ﬁelds were 200
V/m, 100 mT and 0.5G at 0 cm from a pesticide
sprayer and the alternate-current magnetic ﬁeld
decreased to 60 mT at 10 cm. The alternating electric
ﬁeld and the alternate- and direct-current magnetic
ﬁelds were 4V/m, 1.5 mT and 0.4G at 0 cm from an
incubator and 1,500V/m, 100 mT and 0.4G around
a switchboard, but the alternate-current magnetic
ﬁeld decreased to 10 mT (below the reference value)
at 30 cm. The alternate-current magnetic ﬁeld was
27.7 mT at 10 cm from a private power generator, but
decreased to 17 mT (below the reference value) at
20 cm. No oversensing was detected at 0 cm from a
chain saw using the human body model. In measure-
ments of a pesticide sprayer and a lawn mower, the
alternate-current magnetic ﬁeld was 60 mT, which
was above the reference value of 20 mT.
EMI with an ICD or CRT-D by household applian-
ces
EMI with 3 ICDs and 1 CRT-D by 4 types of
induction ovens was assessed, using only the human
body model for 3 types, and full assessment using
all three methods for 1. In assessments using the
human body model, oversensing was not detected at
10 cm from the top of the induction oven (National
Table 6 The estimated distance at risk of EMI with the ICD/CRT-D
Case
number
objective
appliances Models ICD/CRT-D Model HBM

Alternating electric
ﬁeld
(5000V/m)
Alternate-current
magnetic ﬁeld
(20 mT)
Direct-current
ﬁeld
(10G)
1 induction oven MITSUBISHI CS-G3205BDA Concerto C154DWKJ (—)
2 induction oven unknown ATLAS DR V-243 (—)
3 induction oven National KZ-HS32A VIRTUOSO DR D164AWG (—)
4 induction oven National KZ-321G MAXIMO DR 7278 (—) (—) <20 cm <10 cm
6 industrial oven PATENT MARQUIS DR 7274 (—) (—) (—)
6 Agitator ANT SUPER MARQUIS DR 7274 (—) 0 cm (—)
6 showcase HKK-800 MARQUIS DR 7274 (—) (—) (—)
6 industrial refrigerator FUKUSIMA MARQUIS DR 7274 (—) (—) (—)
5 plant machinery unknown PRIZM 2 DR 1861 (—)
5 high-voltage cable unknown PRIZM 2 DR 1861 (—)
2 wireless applications unknown ATLAS DR V-244 (—)
8 automatic feed planer P100RA3 GEM II DR 7273 (—) 0 cm (—)
7 police radio police radio antenna GEM II DR 7273 <1m
7 police radio handy radio GEM II DR 7273 (—)
HBM: Human body model.
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KZ-321G) for all CIDs. Oversensing during tachy-
cardia was tested in 2 of the 4 CIDs. The alternating
electric ﬁeld, the alternate-current magnetic ﬁeld
and the direct-current magnetic ﬁeld were 600
V/m, 400 mT and 17G, respectively, at 10 cm from
the oven top, but the alternate-current magnetic ﬁeld
and the direct-current magnetic ﬁeld decreased to
10 mT at 30 cm and to 0.9 G at 20 cm. These results
indicated no problems with the ICDs and CRT-D at a
distance from an induction oven of 30 cm.
EMI with an ICD by industrial appliances
EMI of 10 types of industrial appliances including
an industrial oven, refrigerator, mixer and police
radio were measured for 4 ICDs. EMI with 1 ICD
by 3 types of appliances, 2 ICDs by 5 types of
appliances and 1 ICD by 2 types of appliances were
assessed using the human body model, electric and
magnetic ﬁeld meters, and a magnetic ﬁeld meter,
respectively. In the human body model, oversensing
was not detected at 10 cm from a police radio. In
measurement of manufacturing systems in a tire
plant, the alternate-current magnetic ﬁeld was 8.8 mT
at a distance of 10 cm and 0.02 mT under high-
tension wires in the plant. The alternating electric
ﬁeld and the alternate- and direct-current magnetic
ﬁelds were 1,500V/m, 20 mT and 1.2G at 0 cm from
an automatic feed planer. The alternating electric
ﬁeld and the alternate- and direct-current magnetic
ﬁelds were 2,000V/m, 1.5 mT and 0.9G at 0 cm
from an industrial oven, but the alternating electric
ﬁeld decreased to 600V/m at 10 cm. The alternating
electric ﬁeld and the alternate- and direct-current
magnetic ﬁelds were 1,500V/m, 3 mT and 0.9G at
0 cm from an industrial showcase, 150V/m, 2 mT
and 0.9G at 0 cm from an industrial refrigerator, and
600V/m, 20 mT and 0.7G at 0 cm from a mixer,
respectively. All these values were below the ref-
erence values. EMI of a portable police radio was
also assessed using the human body model. Over-
sensing was not detected at 0 cm from the radio and
no abnormality was found in tachycardia detection
function. Oversensing was detected at up to 30 cm
from a radio antenna on the police car (Figure 1).
However, at a distance of 1m, which is the distance
when getting in and out of the car, no oversensing
was detected and no abnormality was found in
tachycardia detection function.
Follow-up
During a follow-up period of 11–64 months
(mean: 30 months), no malfunctions or oversens-
ing were found in the memory systems in any
patient.
Discussion
An increasing number of patients have cardiac
implantable device (CID) and there is concern
regarding the risk of EMI with these devices caused
by electronic appliances used in daily life and at work
sites. Many studies have assessed the risk of EMI
with CIDs in hospital, but there is insuﬃcient
information available on the risk due to home and
industrial appliances. In particular, EMI caused by
industrial appliances has not been fully assessed,
which makes it diﬃcult to judge if a patient should be
allowed to return to work after implantation of a CID.
Many studies have assessed the risk of EMI with
pacemakers by cell phones. Hayes et al.5) detected
EMI of cell phones with 25.3% of dual chamber
pacemakers, but no EMI when the cell phone was
close to the ear in the usual position for use. Hirose
et al.6) detected EMI with a unipolar pacemaker at up
to 34 cm from an induction oven and proposed that it
is only safe to use the oven at a distance of 50 cm.
However, our results show that EMI did not occur at
a distance of 50 cm from this kind of oven, except for
1 PM (Identity DR 5386, St. Jude Medical) which
temporarily switch to DOO due to noise response
function distance up to 80 cm. All pacemakers used
in this study were bipolar systems and no EMI was
found, suggesting that a working distance of 50 cm
is safe for current bipolar pacemakers. Binggeli et
al.7) did not detect EMI with an ICD at 30 cm from
an induction coil. Similarly, we found no EMI with
ICD at a distance of approximately 40 cm. Thus, we
recommend that patients with a CID should use an
induction oven at a distance of 50 cm from the oven
top. EMI was not detected for other home appliances
and we conclude that use of these appliances is safe,
as was also found previously.
A few studies have studied EMI caused by
industrial appliances. Marco et al.8) measured the
EMI in 12 patients with a pacemaker, with assess-
ment of the occupational environment including
various welders, neon lighting, and substation and
working sites using various degaussing coils. How-
ever, to our knowledge, EMI of industrial ovens,
refrigerators, mixers, outboard motors and police
radios has not been examined. We found that none of
these industrial appliances in normal use caused EMI
with any CIDs. For the police radio, oversensing
was detected at 30 cm from the radio antenna on
the police car, but it was safe to use the device at
30 cm and this should not cause a problem for
working in the car. Overall, our results indicate that
it is generally safe for a patient with a CID to return
to their workplaces.
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Current CIDs are manufactured conforming fully
to the international standard ISO 14708, in order to
limit EMI in the direct current magnetic ﬁeld to
a maximum of 10G. In our study, those which
exceeded this standard were only 1 type of induction
oven (National kz-321G) which showed 17G at the
distance of 0 cm. On the one hand, oversensing due
to an alternating electric ﬁeld and alternate-current
magnetic ﬁeld were observed with 2 types of
appliances by the human body model. Under actual
circumstances, it was suggested that the possibility
of EMI with CID due to alternating electric ﬁeld or
alternate-current magnetic ﬁeld is higher than due to
direct current magnetic ﬁeld.
In conclusion, the current CIDs in our study
generally had a good performance with no serious
EMI detected in measurements of the electromag-
netic environment and in long-term follow-up. EMI
is unlikely to occur in most occupational environ-
ments and patients with CIDs can return to work
following an assessment of the electromagnetic
environment.
Limitations
The results of the study apply only to a limited
number of PMs and ICDs tested under speciﬁc
settings using limited types of appliances. It is
possible that other types of appliances, especially
those used in an industrial environment, may diﬀer
in operation frequency, stray ﬁeld, and leakage
currents.
In 15 of the 35 tests, a biological phantom was not
used and the posibilities of EMI were estimated
theoretically by electromagnetic ﬁeld meter and
magnetic density meter.
At the time of measurement by the magnetic
density meter, to avoid the noise contamination
from the cable of the magnetic density meter, it
was necessary to keep the cable as far away from the
objective appliance as possible. Nevertheless, our
data regarding direct-current magnetic ﬁeld might
have been aﬀected by noise contamination from the
cable of the magnetic density meter.
Conclusions
Assessment of EMI with CIDs by household and
industrial appliances showed that patients with a
CID can use these appliances safely under certain
conditions. After implantation, most patients can
resume their work and daily activities following
an appropriate assessment of the electromagnetic
environment.
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